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and in view of certain prhlems encomtercd durinq tile third monthly p e r i d ,  i t  become 

necessary to revise the original program schedule. It  was agreed a t  a jolnt meeting of 

key AW and AGC personnel, that the  original program schedule would be modified to 

include additional study phases believed most pertinent to the overall objective of the 

program. Consequently, other phases had to be changed, accordingly, to maintain the 

original worklood. The revised wogram schedule i s  shown in Fig. 1 and reference w i l l  

be made to this schedule i n  reporting progress made during the third monthly period. 

Phase A - Deriviation of Basic Equcitions 

This phase was extended to include an investigation of the singularity which 

arises on the axis-of-symmetry, i n  the non-axisyrnmetric case. Results of this study, 

which complete Phase A of the program, are summarized in  Appendix 1 of this report. 

I t  was concluded that points on the axis-of-symmetry could be considered in the non- 

axtsymrnetric case but that the additional programming required and the cornplicatlon 

introduced would probably not just'cv t ' ie improved accvracy to be gained. 

Phase A "  - Investigation of Engineering Models 

The heat shield, as described in NASA Contract NAS 9-1986, consists of a 

sandwich shell structure to which an ablotive material i s  bonded. The overall thickness 

of the composite strcrcture requires a three-dimensionai or "thick-shell 'I analysis, 

However, certain regions of the struc'rure consist of extremely thin layers which, by 

themselves, can satisfy the usual thin-shel( criter;o. The face plates of the sandwich 
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substructure, for exompie, ore specific._( L:; ,. & .  , I ,.:i>sn with 2 In. for the 

honeycomb core. 

substantial fraction of the total stifness 0' tne srructure md, consequently, cannot 

In view of t'-eii he9r c! , A % ; $ <  l.,:~J J- the face plates constitute <I 

be ignored. Another region of extreme importcnce i s  tF,e bond line where the ablation 

i s  joined to the metal substructure. 

inches thick compared with thicknessc; ~f 

stress distribution throughout the bond is oi utmost i7,portance in considering h e  over- 

A tho, i -; .* is only approximately 0.030 

- : : , c r  3; ; inch for the ablatw, the 

a l l  structural integrity of tho heat shield. Corisidsra'hlo complication results i f  thtne 

thfn layers are treated by three-dimonsionc', i'd : , . ; I  rjvr:nt~ to the lorgo differences In 

the grid spacings, between directions ni>in,a' : ,^I  p : m e  with the thin loyers, in 

conjunction with finite difference solutions to rhe par:.iat dif ferenthi equations. 

Consequently, it becomes necessary to treat these thin layers in a manner which ovoids 

further subdivision of these layers into thinner layers. T h i s  con be accomplirhsd by 

treating each layer by thin shell theory, w h i d i  rsquire:; only a two-dfmenriomrl mlutfon 

of the displacemmt-equilibrlum equations G; 

and strain dfstributions throughout the sholl thicknes: are then obtained rning the 

r w c . k r ~  surface of the shell. 
,e 

Klrchhoff bending hypothesis for thin shells. 7Eie method i s  summarized in Appendix 2 

for a flat plate using Cartesian coordinates T,? i cffort constitutes 25% of the tMut 

effort for this phase. During thc next *fiG*> i 1 a . P,C iiwotnod w i l l  be extended to 

spherical and toroidal curvilinear coodin;:, ., it .r).6:rest In the h o t  shield anolysjs. 

Phase G o  - Report Praparaticn 

The work contained herein reprcicn':: j .  ' , cf the effort and brings to 20% the I 

effort expended to date i n  the report w i l t  1 ': ' , I  46: study. 

.- L - 



~ 

Y 

t 

I 

. -. ..",.I..,- 

i + ------I 
i 

.. 

" .  ._ L 

J 
r: 

: ;  



i7= Sinyularitics tit or. h i s  

J* 2 -  , 



-~ 

. . , .-. . 

L 

4' 

I '  . 



... 

NASA Contraci NAS 9-1986 

As a result of the technical prosres, r v i . ~  ,IL+ i? 4 the f l n t  t.wo monthly prlods 

and in  view of certain protlsrns oncwnhe:l \! :' 1 t3 i trlf monthly period, i t  &!coma 

necessary tc, reviso tne original proqram scii: l . j~i:r>.  1 7  wos ograed at  o joint me t ing  of 

key ARA and AGC personnel, that the original program schedule would be modified to 

include additional study phases believed most pertinent to the overall objective 04 the 

program. Consequen y, other phases had t j  LJ:, 1 c:igt:d, accordingly, to maintain the 

original workload. The revised program S C ~  :c,,,.. , L  .hc~wn in Fig. I and reference w i l l ,  

be made to this schedule in reporting progress made during the third monthly period. 

J 
orc invcstigcrtion of the singularity w 

arises on the axls-of-symmetry, in the non-a,. ,)'rht-.,Lrric case. Results of thh s 

which complete Phase A of the program, ace summariLed in Appendix 1 of this report. 

It was concluded that points on the axis-of-symmetry could be considered in the rron- 

axlrymmetric case but that the additionai > o+;rzrim;ng rsquired and the cmplicotlon 

introduced would probably not justif;! the I- . 

Phase A "  - investigation of Enginecrinq - ' ---" 

v .c. ~r-c,ur;cy to be p i n e d  

The heat shield, a5 described in b ~ 4 5 +  Contrac:t NAS 3-1986, cornirtr of Q 

I t .  I sandwfch shell structure to which an atjlctiL,(: ~ . ~ " T t r r , t ?  

of the composite structure requires a tho>-- 

However, certain regions of the structure 3 

themselves, can sotijfy the usual thin-shtil c.:ri:,:rIo, 

5 :c>ndF:i. f'w: overall thicklaes 

< S T  -Afr:2r?tz j . /  thin IcrJers which, by 
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he face p h t ~ ) ~  of the mrwhrkh 
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Thin-$hel\ Interface Conditions for Stress A W b b  ' 

of Thick Laminate Structures. 
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